This study attempts to identify the areas of technological strength of the province of Saskatchewan, Canada, whose economy is heavily based on natural resources, by analyzing patent information. 606 US patents held by Saskatchewan organizations were identified. The results show that inventive activities are steadily growing and Saskatchewan's technological development has experienced three stages. The Initial stage (1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985) was dominated by traditional resource-based technologies; the Emerging stage (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995) 
Introduction
Patents are viewed by many global organizations as one of the indicators of science and technology performance. Patent analysis has been used as an effective technique to evaluate technological competence and potential, discover core technologies, measure research outputs, and predict technological trends in a field, institution, region, or nation. As summarized by OECD, the unique characteristics of patent documents make them a reliable resource for such study [1] . Patents cover almost every field of technology, which makes it possible to obtain a comprehensive picture of a nation or region's involvement in technology. Second, each patent is assigned a set of highly detailed classification codes, which provides the opportunity for different levels of aggregation. Inventions can be categorized from broad fields of technological sectors to more specific sub-sectors. Third, patent documents contain an abundance of additional information, such as application date, issuing date, assignee name, assignee locations, etc. These data can be used for various other analyses including tracing a nation's technological changes.
However, it should be noted that patent analysis has limitations as well. Not all inventions are patented, and patenting behaviours differs across industries and countries and across time. Further, the value distribution of patents is often skewed with only a few have high technical and economical value. Simple patent counts give each patent the same weight, thus the results can be misleading, especially when the sample size is small [1] . Therefore, results from patent analysis must be used and interpreted with caution.
Worldwide, many studies have applied patent analysis to explore the technological development trends in different countries or regions. For example, in two researches, patent analysis techniques were used to measure the technological changes in Norway and Germany respectively [2, 3] . Chen and colleagues identified the core technologies and key industries of Taiwan by using patent counts and patent classification codes [4] . In Canada, a few researchers have used these techniques to study the technological trends at national level or at technical field level. In a study comparing the Canadian patents in USPTO with all USPTO patents from 1967-1994, Trahtenberg concluded that the technological composition of Canadian patents was out of step with other countries as traditional fields still prevailed in Canada and high tech fields were far behind the rest of the world [5] . More recently, Yegul and colleagues studied patents in the field of nanotechnology from 1976-2004 and found that Canada ranked at 5 th place in this field [6] . The present study is an attempt to apply patent analysis in a specific region of Canada, the province of Saskatchewan.
Saskatchewan is one of the three prairie provinces of Canada. The production and export of agricultural products, natural resources, and their refined products are the backbone of the Saskatchewan economy. About 95% of all goods produced in the province directly depend on its agricultural and natural resources [7] . The agricultural product sector in Saskatchewan accounted for 10% of world trade in wheat, 60% in durum, and 40% in canola in 2001.
During the last decade, Saskatchewan has increased its investment in research and development (R&D), and several large research facilities such as the Canadian Light Source and Innovation Place have been established. Because patents are often considered as an indicator of technology output and R&D performances [1] , this study will analyze patent activities in the province, hoping to provide evidence for future policy directions.
Specifically, the research purposes are: 
Methods
Delphion Intellectual Property Network database was searched to identify patents held by Saskatchewan organizations (including individuals) in May 2009. The field searched was "patent assignee" because it provides locations of assignees. The search string is listed in Appendix. The collection searched was US Patents because the United States is generally recognized as the largest technological market, and most inventors tend to file their patent applications in the United States. The results were exported to an Access database for analysis. The location of assignees for each patent was further examined to make sure they are indeed patents from this province.
There are three types of patents: utility, design, and plant patents. It is generally agreed that only utility patents represents real inventive or innovative activities, therefore, only utility patents were included in this study.
The application date and issuing date of each patent were recorded. These data allow for further analysis of Saskatchewan's key technologies over different time periods. The number of assignees of each patent was counted in order to find out if the invention was a collaborative effort. A collaborative patent is defined as a patent with more than one assignee. For collaborative patents, locations of all the assignees were recorded in order to find collaboration patterns. The names of Saskatchewan assignees were recorded to identify key contributors to the technological developments in this province.
In order to identify key technologies in this province, a classification scheme for technological sectors and sub-sectors developed by Hall and colleagues was used [13] . Each US patent is assigned a series of classification class and subclass based on the highly detailed US patent classification system for technology, which includes 400 classes and 120,000 subclasses. In Hall's classification scheme, the 400 classes are aggregated into 6 main technological sectors and 36 sub-sectors. The 6 main sectors are Chemical (excluding Drugs), Computers and Communications, Drugs and Medical, Electrical and Electronics, Mechanical, and Others. Because each patent document is usually assigned a series of classification codes including a main class and supplementary classes, the main class was used to convert each patent to the relevant technological sector and sub-sector in this study.
To discover the types of organizations involved in inventive activities, patents were categorized by an institutional classification based on assignee names, which was modified based on a model developed by Bhattacharya [12] . This modified classification includes five types of institutions: industry, research institute, university, individual, and others.
Results
631 patents were retrieved from the Delphion database, among which 25 were design patents, thus 606 utility patents were included in this study.
Patents owned by Saskatchewan by Issuing Year
The first Saskatchewan-held US patent was granted in 1971, with 3 patents issued in that year. The detailed distribution of patents by 5-year periods is shown in Figure 1 . The patent development process in Saskatchewan can be divided into three stages. During the initial stage, from 1971-1985, the number of patents owned by Saskatchewan organizations was sparse, with less than 10 patents granted each year. During the emerging stage, from 1986-1995, the number of patents granted each year increased to 21 on average each year. In the developing stage, from 1996-2009, the number of patents granted each year jumped to 30. It was noted that only 72 patents were granted during the period of 2006-2009. Two reasons might account for this. First, this period only includes 3.5 years because the search was done in May 2009, whereas other periods covered five years. Second, the comparison between the patent application date and patent issuing date shows that there is a three year lag between the two dates. Therefore, it is quite possible that patents applied for during this period have not been granted yet.
Insert Figure 1 here

Patenting by Institution Type
The patent assignees were classified into five types of institutions: industry, research institute, university, individual, and others. Of the 606 included patents, industry contributed the majority of the inventive activity (438;74%) in this province, followed by university with 115 patent (17%). The other three types of organizations (individual, research institute, and others) contributed 8.7 % of the patenting activity. The others category mainly consists of Saskachewan provincial government agencies and Canadian federal government agencies located in Saskatchewan. See figure 2 for the detailed number of patents for each category.
Insert Figure 2 here
The 606 patents were contributed by 266 organizations or individuals. When numbers of patents owned by each assignee is examined, it becomes clear that the majority of assignees own a small number of patents. There are 258 assignees (97%) with fewer than 10 patents, and only 8 assignees (3%) own more than 10 patents. The assignees with more than 10 patents are listed in Table 1 . Among them, the University of Saskatchewan is ranked first with 114 patents, follwed by Flexi-Coil Limited with 85 patents. The number of patents owned by the other 6 assignees who hold more than 10 patents is significantly smaller than that held by the two most productive assignees, ranging from 11-16 patents.
Insert Table 1 here When it comes to the view of collaborative patents, 573 patents are owned by a single assignee, 26 by 2 assignees, and 7 by 3 assignees. In other words, 33 patents (5.4%) are collaborative patents. Among the 33 collaborative patents, 9 were the result of in-province collaborations, 11 of national collaborations, and 13 of international collaborations. The collaborating countries include the United States, France, Great Britain, and Austria.
Key Technology
Each patent was classified into a technological sector and sub-sector based on Hall's technological classification scheme. Others category is the dominant technological sector (40%) in Saskatchewan, followed by Drugs & Medical (22%) and Mechanical (18%). The inventive activities in Chemical, Computers & Communications, and Electrical & Electronic are somewhat weak, accounting for only 20% of the total patents. As shown in Table 3 , the Others category was still ranked in first place in terms of number of patents granted, but its share dropped to 33%. The Mechanical category was ranked in second place with a ratio of 26%. The Drugs & Medical sector underwent the most noticeable change during this stage. It was ranked last in the Initial Stage, but it showed rapid growth and became the third ranked technological sector in the Emerging stage. The share of Drugs & Medical increased from 2.15% in the previous stage to 14.69%. This significant growth indicates that new technology was beginning to emerge as a key technology in this province. The percentages for the rest of technology sectors were somewhat stable.
Insert Table 3 In this stage, the Others sector continued to be the most important technology with a 41% share of the total patents. The Drugs & Medical sector kept on its development speed, and is ranked at second place with a striking increase of its share to 30%. Mechanical is still in the third place but the percentage has dropped to 14%.
Insert Table 4 here
Technological Sub-sectors
Hall's technology classification scheme includes 36 technological sub-categories, among which Saskatchewan's patents address 30 sub-categories. This study identified 12 core technology specializations. A core technology specialization is defined as a technological subcategory with a patent ratio of more than 1%. The core technology specializations are shown in Insert Table 5 here.
Comparison of Technological Composition
While the absolute terms about patents in Saskatchewan reveal its technological development history, it is unclear whether the development is driven by region specific forces or by national or technological forces which affect this region as well as other regions. In order to understand the technological development in this region from a broader perspective, Canadian patents in USPTO and all USPTO patents granted from 1995 to 2008 were chosen for comparison. Because a previous study compared Canadian patents with the rest of the world from 1967-1994 [5] , the time period chosen for this study seems appropriate. 
Discussion
Innovation is one of the key factors necessary for an organization or a region to remain competitive, and spending on R&D has increased significantly worldwide [14] . With the increasing spending on R&D, the number of patents, an indication of R&D output, has also been proliferating worldwide. This research demonstrates that Saskatchewan is following a similar trend. Based on data from Statistics Canada , domestic spending on research and development in Saskatchewan increased from $254M in 1995 to $441M in 2007, an increase of 74% [15] . Several large research facilities have also been established. The trend in Saskatchewan is different from the rest of the world. It is known that Saskatchewan's economy has been mainly based on its rich natural resources, and its competitiveness has been largely supported by the traditional resource-based industries. The study results reveal that Saskatchewan is continuing to innovate in traditional fields and traditional technologies in agriculture, mining, and mechanical fields are still the backbone of this province, as reflected by the large number of patents in these traditional technological sectors, particularly in Others and Mechanical sectors. On the other hand, the study finds that Saskatchewan is gradually building its strengths in Drugs & Medical sector. During last decade, Drugs & Medical has become the second largest technology sector in Saskatchewan. As a region known for its strength in agriculture industry, it is not surprising that Saskatchewan is choosing its new technological direction towards Drugs & Medical sector, particularly in biotechnology and drugs sub-sectors. Compared to the other high-tech field Computers & Communications, the Drugs and Medical sector is more closely related to agricultural technology. This linkage suggests that Saskatchewan has been taking advantage of its traditional strengths in order to achieve a more balanced combination of key technologies, and its development in high technological sector is built upon its traditional key technology.
Trahtenberg introduced the term General Purpose Technology, which plays the role of "engines of growth" [5] . A successful innovative general purpose technology is an essential factor to dictate the growth potential of sustained economies. Computers & Communications has been recognized as the dominant General Purpose Technology since the last two decades. With the advancement in biotechnology, Ruttan argues that biotechnology will become one of the general purpose technologies in 21 st century and the drug and biotechnology industry has huge economical potential [16] . Since Drugs & Medical is the second most important technology in Saskatchewan, how to realize its economical potential is a topic that the provincial government should pay attention to, as this is the ultimate goal of investment in R&D. Policy makers should adjust their technological strategies to include encouraging start-up companies and emphasizing technology transfer and commercialization of intellectual properties in these fields.
Since early 1990s, many universities have substantially expanded their R&D mission to include intellectual properties, namely patents. In this movement, they have been recognized as the resource and drivers for economical innovations [17] . This study finds that the most productive contributor to the innovation in this province is the University of Saskatchewan, which holds 114 patents or 19% of the total patents. A closer examination of its patents found that 96 of the 114 patents are in the field of Drugs & medical, which is 86% of the patents in this field owned by the Saskatchewan organizations. This result confirms, from a quantitative perspective, that universities are playing an increasingly important role in new economical development. As the largest research university in this province, the University of Saskatchewan is leading the way in terms of diversifying the provincial technological composition. However, a recent study has concluded that universities are more adept at developing new technologies than transferring the technologies into commercial applications, and the long lag between the discovery of new technologies and its use by firms could seriously impair a region's competitiveness [18] . The policy makers both in the province and in the University should take note of this and develop strategies particularly appropriate for the university environment in order to speed up the technology transfer process.
The results presented here must be taken with caution. It should be noted that counts of granted patents alone does not give a comprehensive assessment of the importance of a technology in a region, other indicators such as employment data, number of companies, or R&D expenditure in each sector should be considered as well. Future studies are needed in this regard to provide a more robust assessment of innovation and technological performance in this region in conjunction with patent data.
This study has several limitations in its methodological design. First, this study investigated granted patents instead of patent applications due to the fact that U.S. patent applications are only accessible from 2001. There is a time lag of three to five years for a patent to be granted, therefore, the number of granted patents would not reflect the most current inventive activities. Second, this study used patent issuing date to compile the statistics in order to be consistent with the data obtained from USPTO statistical reports [19] . Because of the time lag mentioned above, inventions applied in different years may be counted together by the year of issuing. This can introduce biases during periods when technology is undergoing rapid change or for regions in which technology is growing rapidly [1] . Third, assignee address was used to allocate patents to the region, which reflect the ownership of patents by Saskatchewan firms, regardless of where the researches were conducted. It is possible that assignee address may not correspond to the place of inventive activities; therefore it may not fully reveal patent activities in this region.
Conclusion
Patent information has recently become the focus of research in the business field because it provides an effective way to analyse the strengths and weaknesses of technological competitiveness of an organization or a region. Many researchers have studied patent information in order to have a comprehensive understanding of technological development history, technological trends, and technological potentials. This study is the first attempt to identify areas of strength and trends in Saskatchewan's technologies. 
